Interest in broadband wireless access (BWA) has been growing due to increased user mobility and the need for data access at all times. IEEE 802.16e based WiMAX networks promise the best available quality of experience for mobile data service users. WiMAX networks incorporate several Quality of Service (QoS) mechanisms at the Media Access Control (MAC) level for guaranteed services for multimedia viz. data, voice and video. The problem of assuring QoS is how to allocate available resources among users to meet the QoS criteria such as delay, delay jitter, fairness and throughput requirements. IEEE standard does not include a standard scheduling mechanism and leaves it for various implementer differentiations. Although a lot of the real-time and non real-time packet scheduling schemes has been proposed, it needs to be modified to apply to Mobile WiMAX system that supports five kinds of service classes. In this paper, we propose a novel Priority based Scheduling scheme that uses Artificial Intelligence to support various services by considering the QoS constraints of each class. The simulation results show that slow mobility does not affect the performances and faster mobility and the increment in users beyond a particular load have their say in defining average throughput, average per user throughput, fairness index, average end to end delay and average delay jitter. Nevertheless the results are encouraging that the proposed scheme provides QoS support for each class efficiently.
INTRODUCTION
Mobile WiMAX (Worldwide Interoperability for Microwave Access), based on IEEE 802. 16 , is providing broadband wireless access with high speed, large coverage and a variety of services. A WiMAX base station can provide broadband wireless access in range up to 30 miles (50 km) for fixed stations and 3 to 10 miles (5 to 15 km) for mobile stations with a maximum data rate of up to 70 Mbps [1] - [4] compared to 802.11a with 54 Mbps up to several hundred meters, or CDMA 2000 (Code-Division Multiple Access 2000) with 2 Mbps for a few kilometers. In addition to providing high data rate services over large distances in open rural areas, the provisions for QoS and the associated scheduling algorithm designs are a key issue in Mobile WiMAX. Moreover, the 802.16e standard enhancement was designed to support mobile communication at vehicular speeds. Since Mobile WiMAX system provides various real-time and non-realtime services, appropriate resource allocation schemes are required to support QoS (Quality of Service) of each service efficiently. A key feature of the WiMAX technology is that it is a connection oriented technology, which provides a strong support for QoS management. This fact introduces many new problems into the already difficult realm of the network simulation, as both the wireless media and QoS specific aspects need to be considered during the model design. Several theoretical studies have been reported in literature to evaluate the Mobile WiMAX system level performance and the effectiveness of radio resource management. On the other hand, several simulation models have been proposed in this community to support Mobile WiMAX simulation such as QualNet [5] , Opnet [6] , and NS-2 [7] and while these simulation models provide generally good support for most basic protocol features, the implementation and performance evaluation of versatile QoS scheduling has not been discussed extensively in publications. Moreover there are several researches for packet scheduling algorithms to support various services in OFDMA system. Authors in [8] and [9] proposed efficient packet scheduling schemes to assign resources for real-time and non-real-time packets together in OFDMA system, these schemes are needed to be modified to apply Mobile WiMAX system which provides multiple service classes. In [10] authors proposed a multiclass scheduler structure in OFDMA system. This scheduler has separated class buffer which prioritized with urgency of each classes and as long as the higher class buffer has packets, the lower class will never be serviced. It also suggest the joint algorithm to solve the problem, this algorithm does not consider QoS characteristics of each class. The research in [11] performed a survey of the WiMAX scheduling algorithms and discussed the key issues and design factors in QoS scheduling. The advantages and drawbacks of major scheduling algorithms such as Round Robin, Weighted Fair Queuing and Early Deadline First algorithms were summarized and compared. The research in [12] compared the random access scheme with the Round Robin based polling service in Mobile WiMAX for bandwidth scheduling. The performance evaluation showed the advantages of Round Robin polling in high traffic scenarios. The research in [13] proposed a systematic framework of Mobile WiMAX QoS scheduling based on OFDMA radio resource management. The study showed the correct selection of scheduling algorithm is critical to support combinations of realtime and non-real-time traffic flows. Similar research studies regarding WiMAX QoS scheduling can be found in [14] - [15] . The authors in [16] presented the implementation methodology of an ns-2 based WiMAX simulation model in which the QoS scheduling was achieved by traffic class prioritization implementation. Other similar research studies regarding IEEE 802.16d based WiMAX QoS simulation models can be found in [17] -18]. In [19] authors propose a packet scheduling scheme to support multiple services efficiently with considering the QoS characteristics of each class by selecting a service class first after considering characteristics of each class and then choosing an appropriate user in selected class. Recent researches concentrate on providing a better trade-off between fairness and throughput while keeping the priority requirements intact. Since mobility an uncertainty component plays a vital role in Mobile WiMAX we are proposing a Fuzzy based priority Scheduler. The rest of this paper is as follows, section 2 introduces the Fuzzy Scheduler for Mobile WiMAX system, section 3 proposes the Neuro Fuzzy based Priority scheduling scheme. Modeling, Results and Performance Evaluation are carried out in section 5. Finally section 6 gives a conclusion.
QOS SCHEDULING ALGORITHM
Fuzzy logic implements human experiences and preferences via membership functions and fuzzy rules. The application of fuzzy logic to problems of traffic control in networks is more attractive. Since it is difficult for a network to acquire complete statistics of the input traffic, it has to make a decision based on incomplete information. Hence the decision process is full of uncertainty. It is advantageous to use the fuzzy logic in the target system because it is flexible and capable of operating with imprecise data and uncertain information since the network is dynamic in nature. Basically the fuzzy system consists of four blocks, namely, fuzzifier, defuzzifier, inference engine, and fuzzy knowledge base.
The first step is to take the inputs and determine the degree to which they belong to each of the appropriate fuzzy sets via membership functions. The input is always a crisp numerical value limited to the universe of discourse of the input variable and the output is a fuzzy degree of membership in the qualifying linguistic set (always the interval between 0 and 1). A fuzzy set A in the universe of discourse U is a set of ordered pairs {(x1, μA(x1)), (x2, μA(x2)). . . Since decisions are based on the testing of all of the rules, the rules must be combined in some manner in order to make a decision. Aggregation is the process by which the fuzzy sets that represent the outputs of each rule are combined into a single fuzzy set. Aggregation occurs only once. As much as fuzziness helps the rule evaluation during the intermediate steps; the final desired output for each variable is generally a single number. However, the aggregate of a fuzzy set encompasses a range of output values, and so must be defuzzified in order to resolve a single output value from the set. The most popular defuzzification method is the Centroid calculation, which returns the center of area under the curve. By Centroid method of defuzzification, the crisp output η is calculated using the formula, The fuzzy rule table is created based on the membership functions that are carefully designed as explained in Table. 1. The linguistic terms associated with the input variables are low (L), medium (M) and high (H). Triangular membership functions are used for representing these variables except for the high data rate where a trapezoidal function is used. The bases of functions are chosen so that they result in optimal value of performance measures. For the output variable, priority index, five linguistic variables are used. Only triangular functions are used for the output. This illustration was designed using the fuzzy tool available in the MATLAB. 
The fuzzy rule base for the proposed algorithm is defined with due care and are shown in Table. 1. For illustration, 'if packet size is low and queue length is low, then priority index is low'. The ninth rule is interpreted as "If packet size is high and queue length is high, then priority index is very low" (20) . Similarly, the other rules are framed. The priority index, if high, indicates that the packets are associated with the highest priority and will be scheduled immediately. If the index is low, then packets are with the lowest priority and will be scheduled only after high priority packets are scheduled. For a dynamic Scheduler, the output of the primary scheduler is given as the input. Apart from this input, the type of service variable and Mobility parameter are also added as shown in Fig.2 . A membership function and a Dynamic Fuzzy Rule Base table are created based on the priority index of FS1 and the type of service first and then with the different aspects of mobility factor as shown in Table. 2. 
In this Table. 2, rule base and index is carefully designed by taking into consideration of the type of service. As there are five different types of classes the priority levels are set to five different levels starting from Very High (VH), High (H), Medium (M), Low (L) and Very Low (VL). To illustrate any rule, consider the first column contents. The Priority Index of the Primary Scheduler may be from VH to VL. If the type of service is UGS then that request must be given higher level priority than the other type of services even if the Primary Scheduler FS1 allots them higher priority indices. This rule is used to satisfy the QoS requirements of WiMAX. Finally the various aspects of mobility of the device are carefully monitored. The priority levels vary for different aspects such as the devices moving slowly towards the base station and away from the base stations. Similarly the priority levels changes for moving towards base stations fastly and moving away fastly. Apart from this the priority levels are defined for different motions of devices viz. in a circular fashion or in a random manner. The final priority index is referred as ή which is the standard notation used in the literature.
SCHEDULING OF REQUESTS USING ANN
The next step is the scheduling of the prioritized input received from the DFPS. The proposed Neural Networks based scheduler is shown in Fig.3 . It consists of three layers [21] . The first layer is the input layer and the second layer is the modified form of Kohonen layer. The final layer is the modified form of Grossberg layer. The proposed ANN deals with the efficient allocation of the available bandwidth based on the Priority Index set by the DFPS with a measure of fairness to all the service classes. The input layer receives the prioritized outputs from the DFPS. These inputs are organized in the order of their priority. Now the output of this layer is given as the input to the modified Kohonen Layer. The modified Kohonen layer is used to predict whether the given input is within the threshold value defined by the layer. Depending on the availability of the channel bandwidth the threshold value is set. If the incoming request is below the threshold value then that request is forwarded to the next layer, the Grossberg layer. If not, that request is rejected, which happens only on extreme circumstances. In the Grossberg layer, the inputs are summed up and it calculates how many requests can be granted within the threshold value. The remaining requests are discarded. The equations and the algorithms governing the Kohonen and Grossberg layers are stated below. 
where, Y is the output X is the bandwidth of each request N is the total number of requests W(n) is the weight for each request
where,
Z is the output of modified Grossberg layer W(n) is the weight for each request 
MODELING AND SIMULATIONS
In this section we perform our simulation study to evaluate the throughput and fairness performance of the already implemented Round Robin (RR), Max CINR (MC), Fair Throughput (FT), Proportional Fair (PF) [22] and proposed NFPS scheduling algorithms. AMC mode is enabled throughout the simulation for automatically adjusting the modulation and coding scheme based on the link quality. The simulation scenario is illustrated in Fig.4 , where a variable number of subscriber stations are within the coverage area of a single BS. The nearest distance from SS to BS is 1m and the farthest distance is 7000m. Other stations are distributed evenly in the remaining space, providing equal inter-station distances. Here the traffic used is Constant Bit Rate (CBR) and the traffic rate is scenario dependent. 
PERFORMANCE EVALUATION
Following Fig.5 and Fig.6 shows the throughput and fairness performance tradeoff using these five scheduling algorithms for both the large distance and short distance scenarios. It is clear from these figures that throughput efficiency and fairness are the tradeoff for QoS scheduling: an algorithm can achieve better throughput only at the expense of reduced fairness, and vice versa. Through these simulation results we can see that the MC scheduling algorithm achieves better throughput in large distance scenarios with diverse channel conditions for different users.
The fairness performance of MC is the worst among these five algorithms. This is because MC favors users with high signal quality and better communication channels while users with bad communication link may be deprived of any bandwidth resource allocation. On the other hand, the FT algorithm achieves the best fairness among these five algorithms, but the throughput performance is the lowest, especially in the largedistance scenario with diverse user channel conditions. For the proposed NFPS algorithm achieves better throughput at short distances and a performance that matches the average for longer distances. Fairness of proposed NFPS is at its best for shorter distances and a close second to FT for longer distances. The PF . . In order to evaluate these five scheduling algorithms under more realistic conditions we run a simulation scenario with multiple users and various communication distances as illustrated in the scenario below [23] . In this scenario, each user has a CBR data flow of 1Mbps. Fig.6 illustrates the total throughput with various numbers of active users served by a BS using different scheduling algorithms. It is clear that the total throughput increases with more users and more traffic required to be transmitted over the Mobile WiMAX network. Fig.7 shows the average per-user throughput for these five scheduling algorithms. With the increased number of users the average throughput for each user is reduced. The MC scheduling algorithm achieves the best throughput efficiency performance among these five scheduling algorithms. This is because the MC algorithm explores the differences of communication channels among those users and allocates more communication resource to those users with better channel conditions. The FT scheduling algorithm achieves the lowest total throughput among all five scheduling algorithms. This is because fairness has a higher service priority than throughput efficiency in FT scheduling and the total throughput efficiency of FT scheduling is negatively affected because of the high priority of fairness in its scheduling. The RR scheduling algorithm which allocates bandwidth resources based on equal service opportunity achieves higher throughput than FT but lower throughput than MC. The PF scheduling algorithm achieves the highest throughput at longer distances and a close second for shorter distances among these five scheduling algorithms. The proposed NFPS Scheduling algorithm proves to be a better option for shorter distances and a close second for longer distances as well. In this paper the scheduling fairness is quantitatively evaluated by the metric of "fairness index" as described in [24] . The fairness index is defined as a value between 1 and 0, the higher the index, the better the fairness performance. According to the results in this Table. 3 we can see that the fairness performance of the FT algorithm is the best among these five scheduling algorithms. The MC scheduling algorithm achieves the worst fairness performance but its throughput performance is the highest among these five algorithms. The RR and PF algorithms achieve better tradeoff between throughput and fairness. Comparing  Fig.6 to Fig.8 we can see that the throughput, efficiency and fairness are the two major components forming a tradeoff relationship for the QoS scheduling algorithms in Mobile WiMAX. MC scheduling achieves the best throughput performance among these five scheduling algorithms, but the fairness performance is the worst. FT scheduling algorithm, on the other hand, achieves the highest fairness index but the lowest total throughput. RR achieves better throughput performance than FT but lower than the others and the fairness performance of RR is better than the others except that of FT. PF scheduling can flexibly tune the tradeoff off throughput and fairness. The proposed NFPS achieves better fairness and throughput at shorter distances and a close second in fairness and throughput at longer distances. So the proposed NFPS proves to be a better option in providing tradeoff between throughput and fairness in mobile WiMAX. Similarly the performances of the five scheduling algorithms are studied in Fig.7 at various loads say 4 nodes, 8 nodes, 16 nodes and 32 nodes. Fairness index of FT scheduling algorithm is the best among algorithms under view. The fairness index of RR, PF and MC reduces drastically with load. But the proposed NFPS algorithm proves a rank above the remaining algorithms and again comes a close second at higher loads and stands tall with FT till 16 nodes. As far as throughput performance at various loads is concerned FT performance is very poor and RR is slightly better. But the performance of PF and MC increases with load and the proposed NFPS has similar performance till 16 nodes and for 32 nodes it falls a bit. While comparing per user performance the FT and RR fairs poor and MC has the best [25] . A single 550 meter radius WiMAX cell was used with a single base station connected via a 100 Mbps Fast Ethernet link to a traffic generator. First a single stationary subscriber station (SS) was placed within the cell at varying distances with an increment of 50 meters. Once the SS is 500 meter away, the increment in distance was reduced to 10 meter only to look at the performance at a more granular level when approaching the edge of the cell. The traffic generated to the SS was a constant bit rate (CBR) traffic with packet size of 1024 bytes and an inter packet departure interval of 16ms, i.e. the bit rate was 512Kbps. The buffer at the base station was chosen as 50KB buffer. The throughput, packet delay and delay jitter [26] results for this experiment showed no significant difference when varying the distance except when reaching the edge of the cell where a sharp drop in throughput coupled with a sharp increase in jitter was noticed. Now the number of SS is increased in the order of 4, 8, 16 and 32 and traffic was generated from the CBR traffic generator to all SSs through the BS. The average end to end delay was measured as the number of SSs was increased adding to the load exerted on the BS. As expected, and as shown in table, the greater the load represented in the number of SSs connected to the BS the greater the end-to-end delay and jitter experienced. Later mobility was added to the SSs. The placed SSs were programmed to move all inward or outward within the cell with respect to the BS at different specified speeds. The simulation was done for two Scheduling algorithms namely the Conventional Scheduling algorithm and the proposed NFPS Scheduling algorithm. Results for the average end to end delay, delay jitter and throughput at a chosen SS are shown in Table. 4 to Table. 6. The number of SSs was limited to 32 since more data loss was noticed when the number exceeded that. As seen from table the throughput started to drop once the number of SSs approached 20 with about 8% for the case of a SS station moving outward at the speed of 50 Kh-1. However, no throughput degradation was noticed in the case where the SS was moving inward at the same speed of 50 Kh-1. While, the end to end delay results showed a consistent behavior at the same speed with increasing number of SSs, varying the speed and direction showed inconsistency as the number of SSs increased. This inconsistency was also noticed when looking at the delay jitter results when the load reaches 32 nodes. Average end to end delay performance is better for the conventional algorithm at higher loads whereas the NFPS fares better for delay jitter performance even at higher loads. 
CONCLUSION
In this paper a Neural Network based QoS Scheduling Algorithm for mobile WiMAX was designed. The DFPS section dealt with the priority setting mechanism under uncertainty conditions by taking into consideration of variables such as expiry time, waiting time, queue length, packet size, Type of service for WiMAX requests and mobility of the nodes. Simulation results showed better precision in setting the priority. The NFPS section took care of the bandwidth allocation mechanism by considering the fuzzy prioritized outputs as its input. Here we have presented an in-depth performance study of four major scheduling algorithms: RR, MC, FT and PF for Mobile WiMAX and compared them with the performance of the proposed NFPS Scheduling algorithm. RR achieves better throughput performance than FT but lower than the others and the fairness performance of RR is better than the others except that of FT. The proposed NFPS achieves better fairness and throughput at shorter distances and a close second in fairness and throughput at longer distances. So the proposed NFPS proves to be a better option in providing tradeoff between throughput and fairness in mobile WiMAX. Similarly the performances of the five scheduling algorithms are studied at various loads viz. 4 nodes, 8 nodes, 16 nodes and 32 nodes. Fairness index of FT scheduling algorithm is the best among algorithms under view. The fairness index of RR, PF and MC reduces drastically with load. The proposed NFPS algorithm proves a rank above the remaining algorithms and comes a close second at higher loads and stands tall with FT till 16 nodes. Results for the average end to end delay, delay jitter and throughput were measured for NFPS algorithm and compared with the conventional algorithm. The number of SSs was limited to 32 since more data loss was noticed when the number exceeded that. The throughput started to drop once the number of SSs crossed 16 with about 8% for the case of a SS station moving outward at the speed of 50 Kh-1. However, no throughput degradation was noticed where the SS was moving inward at the same speed of 50 Kh-1. While, the end to end delay results showed a consistent behavior at the same speed with increasing number of SSs, varying the speed and direction showed inconsistency as the number of SSs increased. This inconsistency was also noticed when looking at the delay jitter results when the load reaches 32 nodes. Average end to end delay performance is better for the conventional algorithm at higher loads whereas the NFPS fares better for delay jitter performance even at higher loads. NFPS has degradation in performance for the end to end delay at higher loads but an improvement in performance is show cased in delay jitter performance even at higher loads. Researches may be concentrated to improve efficiency at greater speeds and longer distances for a heavier traffic with mobility of SS in a random fashion.
